Background
Angiomyolipoma is a benign tumor of mesenchymal origin, composed of smooth muscle cells, small vessels or vascular channels, and adipose tissue, which confirming the diagnosis [1] . Renal angiomyolipoma was first described by Morgan in 1951 [2] .
Angiomyolipoma is now believed to belong to the group of tumors of perivascular epithelioid cell origin (PEComa), commonly found in the kidneys, and strongly associated with tuberous sclerosis. Approximately 50% of cases of angiomyolipoma are associated with tuberous sclerosis and when this association is present, angiomyolipoma is more likely to be multiple and bilateral [3] . Extrarenal angiomyolipoma is very rare; the liver is the most common extrarenal site [4] . To our knowledge, only 14 previous cases of adrenal angiomyolipoma have been reported previously in the literature in the English language (Table 1 ). We present the findings of two cases of adrenal angiomyolipoma diagnosed and treated at our hospital.
Case Reports Case 1
A 36-year-old man was referred to our hospital due to a mass in right upper abdomen detected on ultrasonography (US). A year before this referral, the patient underwent a routine medical checkup at his local hospital, where a small mass was detected in the right upper abdomen. The patient was advised at that time for follow-up within a year. At one-year followup, a repeat abdominal US showed an increase in the size of the mass. Therefore, the patient was referred to our hospital for further evaluation and management.
On presentation to our hospital, the patient had no symptoms. On physical examination, there was no palpable mass, no tenderness, and the patient was completely asymptomatic. His medical and surgical history were unremarkable.
The patient was referred for non-enhanced computed tomography (CT) scan of the abdomen, which showed a well-defined, oval-shaped mass, with fat attenuation, -114 Hounsfield units (HU), in the right suprarenal area, measuring 5.2×4.2×3.1 cm. Following contrast-enhanced CT imaging, the mass was nonenhancing, with a mean CT value of -58 HU in the arterial phase and -38 HU in the venous phase. A small blood vessel was seen inside the mass that enhanced more in the venous phase with a mean CT value of +168 HU ( Figure 1A ). Some non-enhancing scattered lesions were seen within the adrenal mass. Based on the CT imaging findings, a provisional diagnosis of adrenal angiomyolipoma was made.
Laboratory findings, including serum biochemistry and circulating tumor markers were normal. Due to the increase in the size of the mass during the previous year, the patient was advised to have the mass surgically removed.
At surgery, a soft, yellow, fatty tumor arising from the right adrenal gland with no capsule was found. Laparoscopic right adrenalectomy was performed with no postoperative complications. Histopathology of the excised tumor showed adipose tissue that contained abnormally formed small blood vessels, and smooth muscle cells ( Figure 1B Ki67 showed a cell proliferation rate of <5%. These findings confirmed a diagnosis of a benign angiomyolipoma.
Case 2
A 61-year-old woman was referred to our hospital following detection of an abnormal right upper abdominal mass on US during a routine health checkup at her local hospital. On attending our hospital, she denied any pain or change in bowel and bladder habit. However, she mentioned having a sense of a mass in the right upper quadrant for the previous few days. The patient had a history of hypertension and diabetes mellitus.
On physical examination of her abdomen, a firm, mobile, nontender mass was palpable in right upper quadrant. The patient was advised to have a CT scan of the abdomen, which showed a well-defined, round mass with a clear and smooth margin in the right retroperitoneum measuring 8.6×9.5×8.1 cm with mixed density of soft tissue, adipose tissue (+91-49 HU) and a small area of calcification (+1728 HU) ( Figure 2A ). After contrast administration, there was minimal enhancement on CT in some areas of the tumor, but most of the mass was nonenhancing; +98-61 HU in the arterial phase and +104-84 HU in the venous phase ( Figure 2B ). Laboratory findings, including serum biochemistry and circulating tumor markers were normal. Based on the imaging findings, a differential diagnosis of the mass was made that included gastrointestinal stromal tumor (GIST), teratoma, dysgerminoma, and lipomatous adrenal tumor.
The patient underwent open laparotomy, and a soft tissue mass within the right adrenal gland was seen with clear margins. Regional lymph nodes were not enlarged. The mass was successfully excised, and the patient's postoperative course was uneventful.
Histopathology of the excised tumor showed adipose tissue that contained abnormally formed small blood vessels, and smooth muscle cells exhibiting positive immunoreactivity for SMA ( Figure 2C ), desmin, CD34, and HHF35 (also for smooth muscle actin), supporting a diagnosis of right adrenal angiomyolipoma.
Discussion Table 1 summarizes the clinical data of from the previously published 14 case reports of adrenal angiomyolipoma and the two cases we have presented in this case report. As the current two cases have shown, the presence of all three components, vascular, smooth muscle cell, and adipose tissue, are required to make a histological diagnosis of angiomyolipoma, as first described by Morgan in 1951 [1] . Reported cases of angiomyolipoma arising from the kidney have shown that about 50% of are associated with tuberous sclerosis and may be bilateral or multiple [3] . These associations were not found in our two cases of adrenal angiomyolipoma.
Angiomyolipoma is now believed to belong to the group of tumors of perivascular epithelioid cell origin (PEComa) [3] . It has also been reported that angiomyolipoma has some similarities with lymphangioleiomyomatosis (LAM) [7] . Extra-renal angiomyolipoma is very rare, and the liver is the most common site [4] .
Adrenal angiomyolipoma is very rare. Including our two cases, to best of our knowledge, only 16 cases of adrenal angiomyolipoma have now been reported ( Table 1 ). The mean age of presentation is 47.6 years, with six cases in men and ten cases in women. Interestingly, 11 out of 16 cases were noted to be on the right side (Table 1) found that 84% of patients were women and 16% were men, which indicates that extra-renal angiomyolipoma predominantly occurs in women [16] .
The clinical diagnosis of adrenal angiomyolipoma may be difficult to make. Patients with adrenal angiomyolipoma may present with non-specific symptoms, such as abdominal pain, while most are asymptomatic. As our cases have demonstrated, angiomyolipoma is usually detected as an incidental finding during ultrasound (US) or computed tomography (CT) for an unrelated condition or in a routine medical examination.
The reported size of the adrenal angiomyolipoma varies from 0.2 cm in diameter to 15×16 cm. Initially, US imaging may be helpful in detecting adrenal angiomyolipoma, but imaging studies such as CT and magnetic resonance imaging (MRI) play an important role in diagnosis. However, due to the diverse morphology of angiomyolipoma on imaging, it is difficult to confirm the diagnosis, and if the tumor is large and heterogeneous, imaging may give a false impression of malignancy.
Also, because it is a vascular tumor, adrenal angiomyolipoma can present with hemorrhage [13, 15] . Because of its proximity to the kidney, hemorrhage associated with adrenal angiomyolipoma may be misdiagnosed as a primary renal neoplasm or perinephric hematoma [17] . One of the previously reported cases showed intense uptake of fluorine-18-fluorodeoxyglucose (FDG) in positron emission tomography (PET)/ CT by adrenal angiomyolipoma, which gave a false impression of malignancy [4] .
Adrenal angiomyolipoma may also present with central calcification and compression of the inferior vena cava [14] . Scattered calcification on imaging of angiomyolipoma has been initially mistaken for adrenal carcinoma [15] . A highly vascularized adrenal mass supplied by a hypertrophic right inferior suprarenal artery in digital subtraction angiography (DSA) was also reported in the literature in a case of adrenal angiomyolipoma [7] . Bright signal intensity on non-fat-suppressed images with dropout signal on fat-suppressed images using MRI can suggest the presence of a fatty component Table 1 . Clinical data of cases of adrenal angiomyolipoma from the literature review.
* Associated with tuberous sclerosis; ** associated with lymphangioleiomyomatosis. PC -present case; F -female; M -male; L -left; R -right; US -ultrasound; CT -computed tomography; MRI -magnetic resonance imaging; Lg -largest; Sm -smallest.
of angiomyolipoma [12] . However, fat is a non-specific component of several other tumors [18] .
In Case 1, we noted a small branch of a blood vessel inside the mass of the tumor which might have been suggestive of angiomyolipoma. Schieda et al. have shown that the presence of vessel supplying the tumor in imaging studies may help to differentiate angiomyolipoma from retroperitoneal sarcoma, especially in tumors of larger size [19] . According to our review of previously reported cases, including our two cases of adrenal angiomyolipoma, most of these tumors have shown a well-defined, non-enhancing, non-homogenous mass with clear and smooth margins with low density on CT scan. The presence of fat components together with soft tissue components and a feeding vessel may help in differentiating angiomyolipoma from other tumors, such as myelolipoma, liposarcoma, leiomyoma, and leiomyosarcoma.
When any adrenal mass is detected, even if the patient is symptomatic or the tumor is greater than 6 cm in size, surgery is required as the risk of malignancy increases with size [20] . Also, large angiomyolipomas may recur locally [5] . Angiomyolipoma has a tendency to rupture spontaneously, and retroperitoneal hemorrhage could occur due to lack the fragility of the abnormal blood vessels in the tumor, which can lack elastin in their walls [15] . Because the risk of spontaneous bleeding increases with size, surgery or selective arterial embolization has been recommended for the treatment of larger angiomyolipoma [3] .
In our review of previously published cases of adrenal angiomyolipoma, and including our two cases (Table 1) , we noted that all 16 reported cases of adrenal angiomyolipoma were managed surgically. Whenever possible, laparoscopic adrenalectomy should be considered as an initial choice of treatment over open surgery, as it is minimally invasive and carries lower postoperative complications.
Histopathology is required to make the definitive diagnosis of angiomyolipoma, which will contain adipocytes, smooth muscle cells, and blood vessels, with peripherally compressed adrenal cortical tissue. However, in some cases, angiomyolipoma may contain a predominance of with smooth muscle. Although several studies have demonstrated that the precursor cell of angiomyolipoma may have phenotypic homology with the pericyte, the cell of origin remains unknown [21] . In our Case 1, immunohistochemistry of the tumor tissue confirmed positive immunostaining for SMA, CD34, and Melan-A; in Case 2, immunohistochemistry of the tumor tissue confirmed positive immunostaining for SMA, desmin, CD34, and HHF35. In 2013, an immunohistochemical study of renal angiomyolipoma reported that all cases were positive for HMB-45 [22] . However, Melan-A was positive in 85%, and SMA was positive in 73% out of 15 cases studied [22] . Lin et al. reported a case of angiomyolipoma that was negative for HMB-45, Melan-A, and cytokeratin, but positive for CD34 and HHF35 [23] . Desminpositive angiomyolipoma has also been reported in the literature [24] . The cell proliferation marker, Ki-67 is an important marker to consider in the assessment of tumors. In our Case 1, Ki-67 showed <5% of proliferating cells in the tumor. Xu et al. mentioned that increased expression of Ki-67 in angiomyolipoma may indicate a diagnosis of epithelioid angiomyolipoma, which carries a less benign prognosis [25] . The presence of multinucleated giant cells in angiomyolipoma has been reported in the literature, which may also be mistaken for malignancy [13] . Angiomyolipoma may present with some increased cellular mitotic activity, but this should not be mistaken for sarcoma [15] . All 16 cases of adrenal angiomyolipoma we have reviewed and summarized (Table 1) were benign.
Conclusions
Adrenal angiomyolipoma is extremely rare, benign tumor, usually detected incidentally by radiologists during imaging for unrelated conditions. Adrenal angiomyolipoma must be carefully differentiated from other retroperitoneal tumors as it could increase the risk of overdiagnosis, especially if a large tumor is present. Although rare, adrenal angiomyolipoma should be considered as differential diagnosis in adrenal tumors that shows a well-defined, non-enhancing, non-homogenous mass with clear and smooth margins with low density on CT scan. The presence of a fat component together with a soft tissue component and feeding vessel on imaging may help to differentiate angiomyolipoma from other tumors. Histopathology will confirm the diagnosis of angiomyolipoma if the tumor contains adipocytes, smooth muscle cells, and blood vessels. Because health-screening programs that use imaging are increasing around the world, in future, we believe that more cases of adrenal angiomyolipoma will be reported in the literature.
